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Abstract 
Coal mining industries face real challenges to meet legal demands on a low carbon future. The history of coal 
in industrial transitions seems to come to a rapid end, accompanied by widespread boom of closing active 
coal mining projects. This change can result in negative ramifications for coal mining regions, involving a 
complex interplay of multiple risks. In this paper, we aim to analyse the complexity of environmental, social, 
and governance factors that can cause significant difficulties in closure of coal mining operations. We identify 
multi-factor risk profiles for operating mines by applying spatially explicit indicators within a proposed  
multi-risk framework. The indicators have not been captured by conventional market, as they tend to be more 
long-term oriented in the context of strategy and performance. We map eight risk categories: stability, water 
and climate, biodiversity, vulnerability of land uses, indigenous people, social fragility, political fragility, and 
regulatory environment, and analyse their effect on a global dataset of active open pit coal mines. The spatial 
analysis reveals that a significant proportion of the projects face accumulation of multiple risk factors. A total 
of 552 projects out of 916 show medium to very high-risk occurrence. In this paper, we present global risk 
vulnerability across the coal mining projects by indicating extent to which operators of the mines face multiple 
risk factors when planning for closure. 
Keywords: coal phase-out, ESG, multi-factor risk, rehabilitation 
1 Introduction 
Coal industries have been challenged by a movement targeting a reduction in global emissions. Over one 
hundred major financial institutions have issued restrictions on investments in coal (Buckley 2019). The 
European Parliament has called for the European Union to exit coal by 2030 (European Environmental Bureau 
2019). This year, for the first time in history, an Australian judge ruled against a new coal mine development 
citing community concerns about climate change (McGowan & Cox 2019). These and other actions forecast 
changes in the coal mining industry with ramifications for the energy sector worldwide. In some jurisdictions, 
a rapid and widespread closure of coal mining projects is expected in order to meet legal demands on a low 
carbon future. All this can result in negative consequences for coal mining regions, involving a broad range 
of complex risks. To achieve long-term sustainability and social gain in these regions, closure approaches 
should consider co-occurrence of multiple risks. 
Coal mining has specific characteristics that warrant particular attention (Salmon 2018). When open pit coal 
mines operate, millions of tons of rock need to be moved, resulting in distinct landscape changes. Key 
features of this change are spoil piles, rejects and tailings depositories, and final voids where mining occurred 
immediately prior to closure. These human-made environments, and their interplay, are more sensitive to 
various factors and their interplay than natural ecosystems. They can create a complex set of long-term 
environmental and social issues and challenges for post-mining land use and rehabilitation as previously 
shown by, for example, Lechner et al. (2017). Therefore, a broad range of environmental considerations are 
 present in investor decision-making in mine closure planning. In the open pit, large-scale coal mining, 
environmental risks primarily include stability of waste storage facilities and final voids, and water and 
biodiversity impacts (Hendrychová & Kabrna 2016; Walters 2016). The social risks of coal mining refer to the 
nature of multi-faceted relationships between the company, the local community, and host society (Bainton 
& Holcombe 2018), to the vulnerability of the environment caused by cumulative human disturbances 
(Venter et al. 2016), and to the dynamics associated with cultural heritage, and indigenous and tribal lands 
(O'Faircheallaigh 2017). The governance risks highlight the link between institutional frameworks and the 
achievement of Sustainable Development Goals (United Nations Development Programme 2015). These risks 
include the legal and regulatory systems, processes and mechanisms that control corporate decisions and 
actions, corporate disclosure and transparency, corruption, taxation regime, trade barriers, and other 
political factors (Organisation for Economic Co-operation and Development 2017). 
In this paper, we use the framework of environmental, social, and governance (ESG) risks in global mining 
industry environment as previously developed by Valenta et al. (2019). Recent research about large-scale 
mining has highlighted the complexity of factors that need to be considered by companies, communities, and 
governments in designing, developing, operating, and closing large-scale extractive projects (Ranängen & 
Lindman 2017). Addressing ESG issues has therefore become a critical part of business strategy. The ESG 
framework presented in this paper explores important risk domains that have not been captured by 
conventional market indicators. These risk domains tend to be long-term oriented in the context of strategy 
and performance. 
The aim of the study is to analyse the complexity of ESG factors that can cause significant difficulties in closure 
of coal mining operations. Using the ESG framework presented in Section 2.1, we applied spatially explicit 
indicators to map multi-factor risk profiles of active coal mine projects on a global scale. 
2 Methods and data collection 
2.1 ESG Framework 
In developing the ESG framework, we considered eight risk categories that can contribute to risk vulnerability 
of mining projects and entire regions, if being in high or medium importance: stability, water and climate, 
biodiversity (environmental risks); vulnerability of land uses, indigenous people, social fragility (social risks); 
political fragility, and regulatory environment (governance risks). The scheme of the framework is presented 
in Figure 1. Risk categories and risk factors (input datasets) are described in Appendix 1. 
 
Figure 1 The ESG framework 
 Every risk category compiles from various risk factors developed by previous research. The factors represent 
measures of particular risks or their aspects. Recognising diversity in completeness, content, and 
representativeness of the factors, different combinations of global risk factors were compiled for each risk 
category. Each of these factors, through their interactions with the mining project, are considered as having 
the potential to generate risks that can cause difficulties in mine closure planning. 
2.2 Data collection and spatial analyses 
The global dataset of active coal mines was extracted from the S&P Global Market Intelligence database (S&P 
Dataset) (S&P 2019) as an Excel table with latitude and longitude coordinates and other characteristics such 
as projected closure year, mining method, activity stage, owner’s name, and operator’s name. The S&P 
database is a commercial database where data are collected from publicly-released information provided by 
owners of mining properties. Although it is one of the largest, most comprehensive and up-to-date sources 
(Valenta et al. 2019), the data are limited by the extent of corporate self-reporting. For instance, artisanal 
and small-scale mining or some state-owned projects and other unreported mining activities are not covered 
by the database. 
From the global dataset, we selected all projects where coal was a primary commodity and where an 
extractive method was open pit mining. To narrow the responsibility for the risk management toward the 
operating companies, we further reduced our sample to the mining projects that are active, under care and 
maintenance, on hold, or under litigation. As a result, we selected a set of 916 coal mining projects. 
Approximately 92% of these entries are projects in their active phase and the remaining 8% are under care 
and maintenance, on hold, or under litigation. Only 107 of the active projects (13%) has reported a closure 
year (Figure 2). 
 
Figure 2 Coal mines selected for the study considering criteria such as active, open pit mining method, 
coal as a primary commodity. Only 13% of the projects have disclosed closure year 
The input datasets for the ESG risk factors were downloaded from the sources listed in Appendix 1 as spatially 
referenced Geographic Information System data represented by rasters or vectors. 
 All spatial analyses were conducted using ArcGIS 10.6 system software. The coordinates of coal mines were 
transferred to spatially explicit vector points. To identify multi-factor risk profiles of coal mine projects, we 
conducted overlay analyses Spatial Join (Analyses toolset) and Extract Multi-Values to Points (Spatial Analyst 
toolset) using the mines as a target layer and the ESG risk factors as join layers (Environmental Systems 
Research Institute 2018). 
As a result of these analyses, every mining project received a level of risk for each ESG factor, based on risk 
calculation and normalisation presented in Table 1. For every mine, medium and high-risk factors were 
indicated as ‘1’ and low level risks as ‘0’. The ESG risk category was considered as severe when any of its input 
risk factors received a value of ‘1’. For instance, the stability ESG risk category was recognised as severe when 
any from Global Seismic Hazard, Terrain Ruggedness Index, or Landslide Risk Index were showing high or 
medium risk (value ‘1’). In the presented ESG framework, we considered all ESG risk categories as equivalent 
in terms of their impact on mine closure. Based on the risk profiles, all mines were divided into three 
categories: 
 Low-risk projects (zero to three ESG risks presented). 
 Medium-risk projects (four to six ESG risks). 
 High-risk projects (seven to eight ESG risks). 
3 Results 
A total of 102 mines (11%) out of 916 projects were identified as high-risk projects, 450 (50%) mines were 
assessed as medium-risk projects and the remaining 360 (39%) projects as low-risk. The average number of 
risks was 4.2 per project (Figure 3). 
 
Figure 3 The global multi-factor risk profile of coal mining projects and the frequency distribution of 
multiple risks 
  
 A total of 11 coal mine projects showed an occurrence of all eight ESG risks, which indicates an extremely 
high-risk profile (Figure 4). All these mines are presently active with an operations commencement date 
between 1968 and 2009. According to the S&P Dataset, none of these projects have disclosed a closure year. 
Five of these projects are in India and run by four different companies. Five projects are in Indonesia operated 
by three various companies and one project is in Philippines. 
 
Figure 4 A set of 11 coal mining projects that show a complex co-occurrence of all risks across the ESG 
risk framework 
The Adaro complex that includes the Wara, Tutupan and Paringin coal mines is one of the identified projects 
with extreme risk profile. They are located approximately 250 km north of Banjarmasin in South Kalimantan 
in Indonesia. The coal reserves amounting to 5.5 billion tonnes of coking coal are one of the largest coal 
reserves in the world. The annual production capacity of all three mines varies from 41 million tonnes 
(Tutupan) to 5 million tonnes (Wara) and 1 million (Paringin) tonnes of coal (Wood Mackenzie 2018). As 
shown in Figure 5, the project is in close proximity to the town Murung Pudak and surrounded by smaller 
villages. 
  
Figure 5 The Adaro complex: coal mines Wara, Tutupan, and Paringin in Indonesia. The risk profile of 
these mines contains multiple interplay of all ESG risks across the presented framework 
4 Discussion and conclusion 
Our findings provide a sense of the likely risk vulnerability across the coal mining projects, revealing the 
extent to which closure of these projects will encounter multiple risk factors. A total of 102 mines in the 
dataset show a high-risk profile with a co-occurrence of seven or eight out of the possible eight ESG risks.  
11 projects out of these 102 show an extremely high-risk profile, including all evaluated risks. Recognising 
the average of 4.2 risks per project, we indicated that most open pit coal mine projects appear to be a subject 
to a complex interaction of multiple risks across the ESG framework. 
Under the scenario of rapid and widespread closure of coal mining projects where nation states reconfigure 
their resource economies to meet a low carbon future, we confirmed that operating mining companies will 
face multiple types of concurrent risks in most of the mining regions around the world. Safe and sustainable 
closure of the projects will require operators to include a range of complex factors to their closure planning 
and management, particularly where projects are best with multiple medium and high risks. We argue that 
the presence of multiple risks contributes significantly to the design challenges of closure. Understanding the 
complexity of ESG risks and their effect on coal mining regions provides an opportunity to re-consider the 
future of research and innovation in global mining industry. 
Considering future mine closure against a broad range of complex factors, we present an ESG risk-based 
approach that is applicable to any national mining context worldwide. Although this paper does not provide 
suggestions on how the impacts of the risks can be reduced, the presented framework can contribute to 
development of adaptive strategies in closure planning by recognizing bounding conditions and risk intensity. 
Moreover, using global data enable to focus on international difficulties of mine closure, giving a competitive 
advantage in a global marketplace. 
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nt
s i
nt
o 
so
ci
al
 in
di
ca
to
rs
 fo
r t
he
 so
ci
al
 fr
ag
ili
ty
 a
nd
 fi
ve
 d
at
as
et
s f
or
 
th
e 
po
lit
ic
al
 fr
ag
ili
ty
 c
at
eg
or
ie
s.
 
So
ci
al
 F
ra
gi
lit
y:
 d
em
og
ra
ph
ic
 p
re
ss
ur
es
, r
ef
ug
ee
s a
nd
 in
te
rn
al
ly
 d
isp
la
ce
d 
pe
rs
on
s, 
hu
m
an
 
fli
gh
t a
nd
 b
ra
in
 d
ra
in
, e
co
no
m
ic
 d
ec
lin
e 
an
d 
po
ve
rt
y,
 u
ne
ve
n 
ec
on
om
ic
 d
ev
el
op
m
en
t, 
gr
ou
p 
gr
ie
va
nc
e,
 se
cu
rit
y 
ap
pa
ra
tu
s.
 
Po
lit
ic
al
 F
ra
gi
lit
y:
 fa
ct
io
na
lis
ed
 e
lit
es
: s
ta
te
 le
gi
tim
ac
y,
 p
ub
lic
 se
rv
ic
es
, h
um
an
 ri
gh
ts
 a
nd
 
ru
le
 o
f l
aw
, e
xt
er
na
l i
nt
er
ve
nt
io
n 
If 
FS
I ≥
 0
.5
, m
ed
iu
m
 to
 
hi
gh
-r
isk
 o
cc
ur
s  
Re
so
ur
ce
 
go
ve
rn
an
ce
 
in
de
x 
(R
GI
) 
N
at
ur
al
 R
es
ou
rc
e 
Go
ve
rn
an
ce
 
In
st
itu
te
 (2
01
7)
 
*8
1 
co
un
tr
ie
s 
Th
e 
RG
I d
at
as
et
 in
cl
ud
es
 co
ns
id
er
at
io
ns
 o
n 
th
e 
po
lit
ica
l a
nd
 in
st
itu
tio
na
l c
on
te
xt
 o
f 
re
so
ur
ce
 g
ov
er
na
nc
e.
 T
he
 R
GI
 sc
or
e 
of
 a
 c
ou
nt
ry
 is
 c
al
cu
la
te
d 
th
ro
ug
h 
fo
ur
 m
ai
n 
to
pi
cs
: 
th
e 
pr
es
en
ce
 a
nd
 q
ua
lit
y 
of
 th
e 
co
un
tr
y’
s l
aw
s,
 re
gu
la
tio
ns
 a
nd
 p
ol
ic
ie
s t
ha
t a
re
 re
le
va
nt
 to
 
th
e 
ex
tr
ac
tiv
e 
se
ct
or
; t
he
 e
xt
en
t a
nd
 q
ua
lit
y 
of
 d
isc
lo
su
re
, e
.g
. t
he
 a
va
ila
bi
lit
y 
of
 
in
fo
rm
at
io
n 
on
 p
ro
ce
ss
es
 su
ch
 a
s l
ic
en
sin
g,
 o
r o
ns
ite
-s
pe
ci
fic
 d
at
a 
su
ch
 a
s o
w
ne
rs
hi
p 
de
ta
ils
; t
he
 p
re
se
nc
e 
of
 ‘o
ve
rs
ig
ht
’, 
i.e
. p
ro
ce
ss
es
 su
ch
 a
s a
ud
its
, o
r t
he
 a
pp
oi
nt
m
en
t o
f 
in
de
pe
nd
en
t o
ve
rs
ig
ht
 b
od
ie
s;
 a
nd
 th
e 
qu
al
ity
 o
f t
he
 e
na
bl
in
g 
en
vi
ro
nm
en
t f
or
 re
so
ur
ce
 
If 
RG
I <
 6
0,
 m
ed
iu
m
 to
 
hi
gh
-r
isk
 o
cc
ur
s 
 R
is
k 
fa
ct
or
 
Re
fe
re
nc
e 
*c
ov
er
ag
e 
Da
ta
 d
es
cr
ip
tio
n 
Ri
sk
 c
al
cu
la
tio
n 
an
d 
no
rm
al
is
at
io
n 
go
ve
rn
an
ce
, i
.e
. t
he
 p
ra
ct
ic
es
 a
nd
 p
ro
ce
ss
es
 in
 th
e 
go
ve
rn
m
en
t, 
m
ed
ia
 a
nd
 c
iv
il 
so
ci
et
y 
th
at
 a
re
 li
ke
ly
 to
 e
ith
er
 e
na
bl
e 
or
 d
isa
bl
e 
th
e 
ef
fe
ct
iv
en
es
s o
f r
es
ou
rc
e 
po
lic
ie
s a
nd
 
go
ve
rn
an
ce
. D
ep
en
di
ng
 o
n 
th
ei
r s
co
re
, c
ou
nt
rie
s a
re
 c
ha
ra
ct
er
ise
d 
by
 a
 ‘g
oo
d’
 re
so
ur
ce
 
go
ve
rn
an
ce
 (R
GI
 ≥
75
), 
or
 a
 ‘s
at
isf
ac
to
ry
’ (
RG
I 6
0-
74
), 
‘w
ee
k’
 (R
GI
 4
5-
59
), 
‘p
oo
r’ 
(R
GI
 3
0-
44
) 
or
 ‘f
ai
lin
g’
 o
ne
 (R
GI
 <
30
). 
 
Po
lic
y 
pe
rc
ep
tio
n 
in
de
x 
(P
PI
) 
Fr
as
er
 In
st
itu
te
 
(2
01
8)
 
*9
1 
ju
ris
di
ct
io
ns
 in
 
55
 c
ou
nt
rie
s 
Th
e 
PP
I i
nd
ex
 is
 b
as
ed
 o
n 
th
e 
re
su
lts
 o
f i
nf
or
m
al
 o
pi
ni
on
 su
rv
ey
s o
bt
ai
ne
d 
fr
om
 m
in
in
g 
pr
of
es
sio
na
ls,
 a
nd
 c
on
du
ct
ed
 b
y 
th
e 
Fr
as
er
 In
st
itu
te
 si
nc
e 
19
97
. H
ow
 p
ub
lic
 p
ol
ic
ie
s m
ay
 
af
fe
ct
 m
in
in
g 
de
ve
lo
pm
en
t i
n 
ce
rt
ai
n 
ju
ris
di
ct
io
ns
. 3
60
 m
an
ag
er
s a
nd
 e
xe
cu
tiv
es
; t
he
 
re
su
lts
 c
ov
er
 9
1 
di
ffe
re
nt
 ju
ris
di
ct
io
ns
 in
 5
5 
co
un
tr
ie
s.
 T
he
 su
rv
ey
 e
xa
m
in
es
 1
5 
di
ffe
re
nt
 
po
lic
y 
fa
ct
or
s a
nd
 h
ow
 th
ey
 in
flu
en
ce
 c
om
pa
ny
 d
ec
isi
on
s o
n 
in
ve
st
m
en
ts
: r
eg
ul
at
or
y 
un
ce
rt
ai
nt
y,
 e
nv
iro
nm
en
ta
l r
eg
ul
at
io
ns
, r
eg
ul
at
or
y 
du
pl
ic
at
io
n,
 th
e 
le
ga
l s
ys
te
m
, t
ax
at
io
n 
re
gi
m
e,
 u
nc
er
ta
in
ty
 c
on
ce
rn
in
g 
pr
ot
ec
te
d 
ar
ea
s a
nd
 d
isp
ut
ed
 la
nd
 c
la
im
s,
 in
fr
as
tr
uc
tu
re
, 
so
ci
o-
ec
on
om
ic
 a
nd
 c
om
m
un
ity
 d
ev
el
op
m
en
t c
on
di
tio
ns
, t
ra
de
 b
ar
rie
rs
, p
ol
iti
ca
l s
ta
bi
lit
y,
 
la
bo
ur
 re
gu
la
tio
ns
, q
ua
lit
y 
of
 th
e 
ge
ol
og
ic
al
 d
at
ab
as
e,
 se
cu
rit
y,
 a
nd
 la
bo
ur
 a
nd
 sk
ill
s 
av
ai
la
bi
lit
y.
  
If 
PP
I <
 7
0,
 m
ed
iu
m
 to
 
hi
gh
-r
isk
 o
cc
ur
s (
co
un
tr
y 
sc
or
es
 ra
nk
in
g 
27
–9
9)
 
Ea
se
 o
f d
oi
ng
 
bu
sin
es
s 
(E
O
DB
) 
W
or
ld
 B
an
k 
(2
01
8)
 
*1
90
 c
ou
nt
rie
s 
Th
e 
EO
DB
 m
ea
su
re
 e
va
lu
at
es
 th
e 
ef
fic
ie
nc
y 
an
d 
qu
al
ity
 o
f t
he
 b
us
in
es
s-
re
la
te
d 
ru
le
s i
n 
a 
ju
ris
di
ct
io
n.
 It
 w
as
 b
ui
lt 
in
 2
00
2.
 It
 ra
nk
s c
ou
nt
rie
s a
cc
or
di
ng
 to
 th
e 
re
gu
la
to
ry
 e
nv
iro
nm
en
t 
th
ey
 p
ro
vi
de
 fo
r l
oc
al
 e
nt
re
pr
en
eu
rs
, f
oc
us
in
g 
pr
im
ar
ily
 o
n 
th
e 
do
m
es
tic
 se
ct
or
. T
he
 D
oi
ng
 
Bu
sin
es
s m
et
ho
do
lo
gy
 is
 su
rv
ey
 b
as
ed
 (e
xp
er
t s
ur
ve
ys
 a
nd
 in
te
rn
al
 e
xp
er
t e
va
lu
at
io
ns
), 
an
d 
is 
m
ad
e 
of
 4
1 
in
di
ca
to
rs
 c
la
ss
ifi
ed
 a
lo
ng
 1
0 
di
ffe
re
nt
 to
pi
cs
: s
ta
rt
in
g 
a 
bu
sin
es
s,
 d
ea
lin
g 
w
ith
 c
on
st
ru
ct
io
n 
pe
rm
its
, g
et
tin
g 
el
ec
tr
ic
ity
, r
eg
ist
er
in
g 
pr
op
er
ty
, g
et
tin
g 
cr
ed
it,
 
pr
ot
ec
tin
g 
m
in
or
ity
 in
ve
st
or
s,
 p
ay
in
g 
ta
xe
s,
 tr
ad
in
g 
ac
ro
ss
 b
or
de
rs
, e
nf
or
ci
ng
 c
on
tr
ac
ts
, 
an
d 
re
so
lv
in
g 
in
so
lv
en
cy
. E
ac
h 
to
pi
c 
ha
s i
ts
 o
w
n 
m
et
ho
do
lo
gy
 a
nd
 q
ue
st
io
nn
ai
re
. 
Ap
pr
ox
im
at
el
y 
tw
o-
th
ird
s o
f t
he
 d
at
a 
em
be
dd
ed
 a
re
 b
as
ed
 o
n 
w
rit
te
n 
la
w
s a
nd
 re
gu
la
tio
n,
 
of
te
n 
pr
ov
id
ed
 a
s r
ef
er
en
ce
 b
y 
th
e 
ex
pe
rt
 re
sp
on
de
nt
s.
 In
 2
01
8,
 th
e 
da
ta
se
t d
ra
w
s i
np
ut
s 
fr
om
 a
ro
un
d 
13
,8
00
 p
ro
fe
ss
io
na
ls.
 
N
or
m
al
ise
d 
by
 th
e 
lo
w
es
t 
ra
nk
 1
90
 to
 re
ce
iv
e 
0 
– 
1 
va
lu
es
. I
f E
O
DB
 
no
rm
al
ise
d 
va
lu
e 
≥ 
0.
40
, 
m
ed
iu
m
 to
 h
ig
h-
ris
k 
oc
cu
rs
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